ABSTRACT When the working environment in a small cadmium-pigment manufacturing plant was investigated cadmium concentrations in respirable dust were found to be considerably above the hygiene standard recommended by the British Occupational Hygiene Society. Cadmium concentrations in blood and urine of exposed workers, both present and past employees, were determined. The six men who had worked in the production plant for seven years or more all showed signs of renal tubular damage. In addition two of these men exhibited exertional dyspnoea, and respiratory function tests showed evidence of pulmonary dysfunction. A third man showed moderate airways obstruction with mild symptoms. On the basis of the results of the investigations on individuals in this study, it is suggested that urinary cadmium concentrations should be kept below 15 ,ug/day to avoid the possibility of renal damage, and that the insoluble respirable fraction of cadmium dust should not be regarded as merely nuisance dust.
Chronic cadmium poisoning is an insidious disease, the principal features of which are pulmonary emphysema and renal damage. The disease develops after prolonged inhalation of cadmium fume or dusts, and it has been suggested that the first sign of the disease may not appear until many years after the last exposure to cadmium.1
We describe investigations into the cadmium exposure of employees engaged in manufacturing cadmium selenosulphide and cadmium sulphide pigments in a small factory at Geelong, Victoria. The plant was established in 1952 and is the only such plant in the southern hemisphere. About nine men are employed in the colour production section and about four in the dry colour section. The men in the dry colour section blend colours in small batches (< 50 kg) in well-exhausted blenders, and the cadmium exposure is low. We will not deal with the men working in this section.
In the colour production section cadmium exposure is high in many locations. Flow sheets of the processes used are shown in figs I and 2. Cadmium ingots are dissolved in a mixture of nitric and sulphuric acids; cadmium carbonate and cadmium sulphide are produced by precipitation, after which stage are very dusty. Some take only ten minutes whereas others, such as the crushing, take about half of the working period, and the furnace work is almost continuous. It is the custom for the men to move around the factory sharing the different operations. The only exception to this is that two of the men (G and H) have been principally "furnace men" for the past five years. The "furnace man," one for each shift, manually fills the cylindrical calcining tubes (66 cm long, 6-5 cm in diameter) with dry powder, using a spatula. After passing through the furnace, the pigment is knocked out of the tubes by the same man, who is again exposed to a considerable amount of dust.
This investigation will be presented in two parts: (1) an initial assessment of both the working environment and the degree of cadmium absorption of the workmen, started in November 1976, and (2) a follow-up study for a further two-year period. Venous blood samples (each 10 ml) were collected in heparinised tubes. Urine specimens were 24-hour collections, preserved with sodium azide. Every effort was made to ensure that the men understood the importance of collecting their urine for the entire 24 hours. To avoid contamination from the work environment, however, the specimens were collected during the week-end, and it is probably unrealistic to assume that this was always done properly, particularly when some urine volumes were less than 700 ml. The low volumes of F's urines were considered valid, however.
Method
Blood and urine samples were analysed for cadmium by carbon-rod atomic absorption spectrophotometry after wet ashing and extraction of the cadmium with dithizone followed by back extraction into acid. This method was adopted because the instrument available (Varian AA-1 100, with a Varian Carbon Rod Atomizer, Model 63) did not have the facility for simultaneous correction for background absorption. Although this procedure was slow and tedious, careful evaluation showed it to be accurate and precise. Blind recovery studies were carried out on both blood and urine; the mean recovery of cadmium from urine (12 samples) was 81 % and the mean recovery from blood (nine samples) 97 %. Blind duplicate analyses were also performed, the correlation coefficient for seven blood specimens being 0-99 (a=0090, b=0-33) and for 16 urine specimens, 0-98 (a=1.1, b=0-06). Subsequently, when a new instrument was purchased (Varian AA-175B with Varian CRA-90), the results obtained by our method for cadmium in blood were compared with the results obtained by the simpler method of Brodie and Stevens3 which entails direct application of an acid hydrolysate of the blood to the carbon rod. The correlation coefficient between results obtained using the two methods was 0-97, and a regression equation of Y= -0-26 + 1-2X was derived, where the results obtained by the original method are denoted by X.
In addition to this evaluation of the method, 30 of the 50 blood samples and all 44 urine samples for this study were performed in duplicate, the mean difference between the duplicates for the blood cadmium concentrations being 0-26 ,ug/100 ml and for the urinary cadmium concentrations 0-85 ,ug/l.
The range of values obtained in this laboratory for those not occupationally exposed to cadmium are: blood cadmium: < 0-2-0 6 ,ug/100 ml, urine cadmium: < 0 5-1-5)ug/l.
These normal ranges are in close agreement with the consensus reported by the Commission of the European Communities4 that,"the normal cadmium concentration in blood appears to be below 1 jug/ 100 ml ... the amount (of cadmium) excreted daily via the urine is probably below 2 ,ug/day".
The urine was also tested for protein by turbidimetry with trichloracetic acid5 using a Lab-trol protein standard (Dade Diagnostics, Inc, Miami, USA). The limit of detection of this method is 0-01 g/l.
Results Table 3 shows the results of the biological tests, which indicate excessive absorption of cadmium in at least five of the men. Two men (H and I) were excreting more than 25 ,ug/l of cadmium, the "threshold value" referred to by Hall et al. 6 Both these men also had proteinuria, indicating the likelihood of kidney damage. The amount of protein excreted is small and could possibly be regarded as insignificant, particularly in young people. It is notable, however, that proteinuria was present only in the It is concluded that urinary cadmium concentrations remain raised for many years after the blood cadmium concentration has returned to normal.
The results obtained on the 11 new employees (table 8) fall into two categories, for those who had worked for less than three months and for those who had worked for longer periods. The interpretation of these results will be developed in the discussion In the CEC monograph4 the working group of experts make several observations relating to the importance of biological indices in studying cadmium absorption. They tentatively suggest that, "cadmium in blood is probably not a reflection of body burden but is mainly influenced by current exposure." On the other hand, they indicate that "whether cadmium in urine reflects the body burden or current exposure is still debatable" and proceed to summarise the evidence supporting each argument. The results of this study indicate that neither the blood cadmium nor the urinary cadmium concentrations reflects "current exposure" in the sense of recent exposure over weeks or months. The blood cadmium concentration rises soon after exposure begins (table 8) and falls when it ends  (table 7) by about half in the first year but much more slowly from then on. This suggests that the blood-cadmium concentration reflects the concentration in a substantial reservoir in the body, which we shall refer to as the extra-renal store, presumably consisting of several compartments with half-lives varying from about one year (in blood) to about five years (in other soft tissues).
The results also indicate that the urinary cadmium concentration rises and falls with exposure, probably with a delay of several months (table 8) . Raised concentrations, decades after exposure has ceased, indicate that urinary cadmium reflects the concentration in another substantial reservoir in the body with a half life of decades. It is suggested that this reservoir is the renal as distinct from the extra-renal store.
When exposure ends the proportionate fall in urinary cadmium in the first year is much the same as in the blood cadmium (table 7) . By the end of the second year, however, with no further exposure, the blood cadmium continues to fall, although much more slowly, while the urinary cadmium remains high. This suggests that the urinary cadmium content has a contribution from both reservoirs in the body.
The best indication of the degree of "current exposure" would be given by the cadmium content in the compartment with the shortest half-life. In the absence of a better index blood cadmium concentrations give a reasonable measure of degree of exposure, but only after a period of two or three years.
A knowledge of the individual's work history is therefore important in the interpretation of either index. Three of our workers who were exposed for under three months (table 8) showed raised cadmium concentrations in the blood but not in the urine. Workers exposed for more than five months all showed raised blood concentrations and six of the eight showed raised urine concentrations. We infer that for the first three months the blood cadmium concentration indicated that exposure to cadmium was occurring. The absorbed cadmium, however, was retained in the body and not excreted.
Regression analyses were carried out on the results from the original nine men ( Blood cadmium determinations if carried out while a worker is still exposed to cadmium give a reasonable estimate of degree of exposure after about two years. Table 9 shows the relation between exposure levels, blood cadmium concentrations, and signs and symptoms for the six workers still exposed to cadmium when the blood cadmium was determined.
TOXICITY OF INSOLUBLE CADMIUM
Over the years the management of the firm considered that only soluble cadmium salts were toxic. The conditions in the factory are under urgent review. A complete revision of the manufacturing process has been necessary to reduce the cadmium concentration in the air to an acceptable level. Initial simple improvements and stringent housekeeping measures have reduced the time-weighted average concentration of the cadmium dust by roughly one half. Nevertheless, until the firm implements the extensive improvements necessary to reduce the cadmium concentration in air to a "safe" level, workers are wearing air supplied respirators.
We are indebted to the staff of the renal unit and the respiratory unit of the Repatriation General Hospital, Heidelberg, for the performance of the renal function tests and the detailed respiratory function tests. We particularly appreciate the help given by Dr W Adam (RGHH) and Dr D Goddard (Industrial Hygiene Section) in the interpretation of the renal function tests. This paper is published with the consent of the Health Commission of Victoria.
